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^Following  is  tho  translation  of  an  article  by 
■  Fraatisek  Charamza  in  Geodetioky  a  kartograficky 
obaor.  (Geodetic  and  Cartographic  Review! 

Vol  Wl/h9f  Ko  1,  Prague,  January  1961,  pages  6- 

n,J 


1,  Introduction 

In  the  past  years  we  have  been  witMosing  a  gradually  iacreas 
lag  applleatioa  of  aathemtical  saachinea  in  various  spheres  of 
hman  activity,  Aasong  thoE  the  saost  iiaportant  are  the  computers, 
which  enable  us,  on  the  basis  of  a  prograa  establiahed  beforehand, 
to  solve  at  a  very  high  spaed  even  such  problems  as  have  been 
practically  insolvable  with  the  application  of  the  former  aids* 

'  The  pirp&s©  of  this  article  is  to  inf the  reader  about  the 
application  of  one  of  these  machines,  the  computer  "URAL'I",  in 
two  frequently  occuring  tasks  in  geodesy  and  to  describa  in  oat- 
litje  the  pregraaraing  p»cess,  Ths  actual  program  was  made  up  for 
the  needs  of  ths  TOGTK  /"fyakuany  Ustav  Geodasie  Topografie  a  Kar- 
tografie  Sesearem  Institute  of  Geodesy,  ToiK>gra|iiLy  end  Carfco- 
grapfeyj^  in  Prague* 

2*  Charact'eristics  of  the  "UML  I"  Computer 

The  "URAL  I'*  computer  is  a  universal  electronic  zaaehine 
designed  for  th®  solution  of  various  problems  of  a  scientific- 
technical  character*  fh®  worker®  of  the  scientific-research 
institute  of  the  Ministry  of  Precision  Machinery  of  the  USSR, 
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headed  hv  Engiiaear  B.  I»  Fiaimyev  had  in  mind  two  basic  criT.aria 
.{i*  .fesig-ns  first  of  all.j  that.th®  asa^iiine  be  a^u f 
£CCurift'*aJ''«pid  for  most  currant  profelesaa,  and  fcitsier 

its  coris-fiTOStisn.  and  applieatioA  be  as  siapl®  as  ^  .- 

th-i’"  '«>rk  is  s  com^mtsr  wx^ca  ■pi'oesssefe  tfen-tu-giu 
Pi”" speed  of  100  opsratj.ons  par  irtinat®j,  and  coGSu.sta 

omr'  ^<000  mrmrdma  diodes*  Tne  indi.v}.dn&l  cofis-,.ruy- 
both  electroale  and  non^eleebronic,  are  ^rrmgea  ^ 
rhVrV  «vst©®  and  ar®  easily  replaceaol®.  the  use  o.  t.u« 

f-'i'lifeated  by  eoidmsent  for  isanusl  control ^anaobsex.aUon  ox 

its'prrfarT^X6;'’^ieia  ia  of  Simi^ 

+he  prop'ram)  of  errors  ir>o®  the  lastrac-AOu  l  .  '  Jta, 

evi  tM  proper  compilation  of  the.  constructxcn  ^tw.rk  la 
fa^nitated  by  the  fact  that  the  Inst ruc-wioa  system  Oi.  tne 
ci;ker  include©  in  addition  to  the  alemafttarj  arruh- 
a  of  sipecial  operations  (there  are  ^0 

sar inS;;%on.) 

n«ltir|j^r3rflxoa-.iw^*^-^  of ‘Si  foui>l.T«  Min  ^rts:  ^  ^  ^ 

1.  Ti.ft  operational  mit;,  perfors’lng  ali  arxidiaietical 

logical  which  coordinates  the  perfommce  of 

the  ladiTldu&l  bloeka  of  the  machine, 

of  on  a  magnetic  tape,  serving  for  pre- 

-  of  sny  part  of  the  oparatiorial  memory  ve.g. 

?S™?l..5‘of'Mrtid  rsMlta  »rilv9d  at  dartas  the  oornFatatlon,  or 

^  "^:rf"teSe  «S1steadara.^  f^  fdia>) 

wMcb  ie'the  carrier  of  the  initial  and  -»  together  wx-h.the 
Init  —  also  of  t\m  final  infonastion; 
p..f.,...,.  eontrol  table,  ^dzh  .makes  it  possxbla  ^or  tae 

ov'crato^  actiTsly  to’ interpose  during  the  ccMputa-ion  ac.d 

trinkit.  ir.,formtion  into  tha  madiin©.  ^ 

*j  the  outer  equipment,  consisting  ox  the  exit  o> 

(exit  puncher  and  printer;  and  of  the  tap® 
i^th  the  entrance  data  (keyboard,  @nt,rance  puncf^er, 
SiS  Sf  S;;tJ;i  unit,  serving  also  for  making  copies  of  the  psr^. 

forated  tatJss)» 
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3,,., 

'"'''bmciAL"usE''okY 


OPPIGIAL  OSS  Ot-ILY 


methods  #iich  have  been  prafitical3^  inaccessible  up  to  now  because 
of  the  great  number  of  numerical  operations  involved#  from  the 
above  it  follows  that  it  is  necessary  to  choose  such  a  method  as 
would  have  a  simple  logical  structure  and  ijt  which  it  is  not  sub¬ 
stantial  whether  the  simplicity  can  be  obtained  at  tne  price  ot  an 
increased  number  of  slementary  arithraetical  oparatione.  This  con¬ 
dition  is  fiilfilled  especlaUy  by  several  namerical  methods  of 
calculation  (ej.g»  ivimerical  integration)  which  are  freGuenlly  used 
in  tix^grawEiing#  Another  favorable  fact  is  tnat  such  a  method  is 
vf^ry  easy  to  nrogram  cyclically  (multiple  rspetation  of  a  part  or  of 
the  entire  caiculatlon  according  to  the  same  prograia  with  various 
entrance  values)  ^  which  in  the  applicati.on  ou'  the  cosptu.crd  has  a 
great  econatnic  meaning.  Theraby  not  only  the  t^isa  necessary  for 
the  compilation  of  the  progx-am,  but  even  the  length  of  the  instruc¬ 
tions  is  considerably  I'educed. 

The  mentioned  basic  condition  of  the  selection  of  the  math- 
eraatical  method  had  to  be  respected  also  in  the  selection  of  the 
method  for  the  solution  of  both  of.  the  main  geodetic  problems# 

The  formulation  of  the  problessjt  As  sum©  that  on  the  sux'face 
of  a  rotary  ellipsoid  of  given  parameters  there  are  given  two  points 

Pi  (^1j>!^1>)  ^2  2)*  These  two  points  are  connected 

by  a  geodetic  curve  of  a  langih  s  -sdiose  aaimuths  in,  the  terminal 

>  ^nd®C  2«  ■the  ciiaantlties 

s  ioT^XfO  2$)  as  i®@»  sad  detsmining 

2#^2*  (o**eClM2*  a) 

)  geodetic  problem  (Illustration  2). 
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points  will  be 

^1»  ^  1jPCi» 

the  quantities 
(or  the  second 
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5  < 3  '-o'# 

•'■f'?  ws  selected 

^'g@ddet'i-W'''e'urvs 

•%'  ’'‘coe «■'•'"  .. .dA  ...  1 '"*''■  sin « 


'itg  ^  am  a 
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(1) 


■i’ife  the' ;6«a]^t#r%-i';daM4'' 'with ■■by;'%,''te-"  book  Reaolu- 

{.  aiA-4  V'k'Tih  '■ 


'  ■ ",  i+if  -f  i  {‘'■ie{  %•  2»  4'  if  2'/v[-/  .f.  V 

■■ '  ■  t(,iA  =  (%'+  2'-k:j.'-^t~  2^-4'-V-  %} 

'■-  ^  2^4'"''  %),  '  ‘■'  ■"(2) 

' '•  ■  "wherfe'  '>'hr=i  h.(pi 

^  h .  A/jh-.  t,  i,  :i.A 


t&T^  ^Ins'Wg^ais'^'ti  the  line  of 

tfe'd ''-f ^If6wi^"%hble 


^  •  i  '  :  i  ^  i  1 

i .  '  .  .'■"  ..,i^..  . 

j..^' . . .  i«  ; 

jA  “f .  i-  ^  i*i .  .i« ■'  ¥  i 

:  ?'  ’.. .  iV'  ; 

,.-  C-..J  .i5^-'.+  V 

!■*  ;;±'iA,-..  .,ll..,„'i..i4;.  r-a.^-fca  J 

i^'  (''^)''^^'a^d6S&'''oon3eqaently 

'4<iiidlgt'‘8-M  t:Kf''^'$en|th'"^6^^^  is  divided 
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Th<3-  derivation  of  the  men- 

i'?r;b),.«r!  irlih  aa  aef:;ii?'as.f 

rdci;  •vki^hgp'ifOiS&dSfea  df 

‘■%h3'.sh  -“d-iiii^i^aS'feS  do-'f 

feh«-s*it44Mi3i'‘i3pe- 


is  dependent  ■^htr’-the--poa3:tioh;“©f'>K' a' 

iS::iesFildhai  calc-ala~ 


•sMShdlidih  b4iiifigvMdai<'-S0is')?i’i'^-Th’s  Mihlt'3''df-‘-i'hf8  eSlfelliltifeli-^-Sr® 


".^Yf-'th^  I'diff dTMtld;<M1SwslK 'ffe8  ■^’it 

<'plssMhteds'%he'‘lh(^#a8j''  of'-’tKe''’L#eohd  dd5;MMtilon'?>(tliei§sfiaa-ltef'of 


3  ■ '■ei'ciie  r  -.or  procss-ss-  ^  to  '-^m  ■•  soi^ion  '-of  ap^rob- 

’4M  fsoaGIlIs^'rlsf  s' «^«PI'^feLg8!^ 


'■4«o  if  •t.Mfiii’g  h6'^'*-Stf're#i 


mmm§  m¥n  after 


■18 '^d^itroHed  ssanual-ly  aecordlng  to  the  diaracter  of  the  obtained 
restsitly'  'iaicoistion;?  thii  orfor  G&tta@d  by 

tM  fi'f it  tif§'®8Mfr^-*la4fedd  by 


carvlh%itMptiMfii^'’“>#^a^^  WbaekfMMMoM^  5 


lation  of  longer  curves  (e  >  250  km)  la  shorter  than  the  double 
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of  the  time  needed  for  one  cfilcalation.  This  cir<mi$st8noe  is 
especially  significant  with  long  caries. 

3 *2  Solution  of  the  Second  Main  Seodetic  Problem 

la  selecting  a  method  for  the  solution  of  the  second  main 
geodetic  problem.,  we  looked  for  one  Tidiich  could  use  the  prepared 
ppogr^  for  the  solution  of  the  first  main  geodetic  problem  which 
was  given  by  the  requir®aant  for  a  program  as  short  .and  simple  ss 
possible.  In  the  following  paragraphs  we  present  the  basic  idea 
of  the  method  and  a  list  of  the  foriwilas  used. 

Prom  the  given  coordinates  1,)  ami  2s  ^  2)  of  the 

points  Px  and  P2  dstermine  the  approximate  values  s’  an.d<3tx  »  by 
Biesns  of  the  siaplliled  fomulas  of  the  mean  width  method  Aers  we 
keep  in  progress  only  the  ©esfibera  of  the  first  order.  If  we  denote 
(see  Illustration  2) 

•d?>  ~  ^  —  =  1,  —  -^1  (?5t -f*  <3a) 

it  folic vs  ttet  .  , 

(Sfe) 

~^SSti.(p. 

A  O  wsationed  approxiasafelon  may  be  made  only  for  such  A  ^  and 
in  afeicb  the  above  mentioned  progresses  converge.  In  the  pro¬ 
gram  it  is  therefore  taken  into  account  that  for  such  a  distance 
of  the  terminal  points  in  i^ich  tSia  convergence  would  become  too 
slow,  the  madiin©  doss  not  compute  according  to  the  formula  {3), 
but  rather  detexmin8.3  the  exit  values  s’  andCKTl’  by  means  of  solv¬ 
ing  the  spherical  triangle  ^  substitets  sphere  of  a 

radius  S  =  637O  Jmi,  With  the  approxlaata  exit  values,  the  machine 
works  exactly  (l.e,  with  h  *  125  k®  or  h  =  s*  for  s*<125.km) 
according  to  the  program  for  the  solution  of  the  first  laain  geo¬ 
detic  piNsblem  and  defcsjmdnes  ixi  addition  to  the  azimuth  also'the 
coordinates  of  the  point  Fg*,  which  generally  is  not  identical  with 
the  point  The  following  part  of  the  program  civaputea  the  cor¬ 
rections  A  ^  STid  As  by  'tdjl.cb  it  is  necessary  to  rectify  the  exit 
values  Of  X*  and  e’  so  that  the  point  Pg  be  moved  to  the  point  Pa, 
Deriving  the  foisiulas  for  these  corrections,  we  determine  first 
the  Isngt'.h  a  and  the  asiiauth  Aa*  of  the  geodetic  curve  connecting 
the  points  Pa*  axid  Pa*  d-etermin®  them  is  nothing  other  than  to 
use  the  program  for  the  solution  of  the  formula  (3)  in  whicti  instead 
of  coordinates  of  the  point  Px  we  use  the  coordinates  of  the  point 
Pa*  and  consequently  obtain  instead  of  values  s*  and*Ci’  the  values 
a  and  Aa*,  If  we  mark  the  reduced  length  m  (or  la')  of  the  geodetic 
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curve  s  (or  s*)  where  (v,  /4/) 


_  **  I 


ard 

g  s'  -j-  As  +  da, 


(4».) 

(4b) 


we  obtr.i.,j  aec''4;ding  tx>  Illustration  3  the  following  apprordisate 
plane  rc-i  il-ic.-.is 

w  =  a/ +90“  — d/  (5) 

,  .  {a  .  CDS  it) .  ..  a  .  cos  .uj 

a  ,  3jn  ct)  +  — -A—-; —  Aa  - 

2m  m 


The  machine  no"^  works  so  that  the  apprcxiiaate  values  and 
s’  ar©  rectified  by  thf;  corrections^^and  and  with  the  rec- 
tified  values  the  first  geodetic  problssi  is  coffiputed  (with  a  step 
either  idsritieal.  or  reduced)..  As  the  experisisntai  calctxLations 
showed j  it  ia  possible  to  obtain  by  this  siiigla  repetition  with 
not  too  I.ong  curves  (1300  km)  the  accuracy  mentioned  in  Paragraph  5, 
In  case  the  tsKtinal  point  of  the  curve  computed  with  the  rectified 
data  fails  to  coincide,  with  the  required  accuracy,  with  the  point 
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Po  the  progi'a®  is  sprsiigsd  so  that  the  machins  wiLl  coapute  r6w 
correctionsB^^^'  and  ^  and  the  ccaaputation  will  be  repeated. 

V\hen  the  madtlRe  performs  correctly,  after  the  second  repetition 
th®  tensinal  points  coincide,  even  with  long  carves.  The  t5ach,ine 
proceeds  then  sdiailarly  as  In  the  first  geodetic  problem,  i»e»,  it 
either  stops  or  passes  to  the  next  problsffi. 

Notes  It  would  be  possible,  of  course,  by  juak'ing  the  fornmlas 
(3b).  (4a)  and  (5)  more  accurate,  to  adiieve  the  coincidence  by  & 
single  repetition,  bat  this  la  not  practical  frc®  the  viewpoint  of 
programsiing,  espscdally  ;if  we  take  into  consideration  that  problems 
in'vulving  extremely  long  curves  occur  only  sporadically. 

3.3  Schesaatic  Oatline  of  the  Prograta  for 
Solvissg  Both  Main  Geodetic  Problems 


The  forffiulas  given  in  the  paragraph  3,1  and  3 ,2  are  the 
basis  of  a  common  program  for  the  solution  of  both  of  the  geodetic 
problems.  The  logical  structure  of  the  program  is  presented  in  the 

schematic  Illustration  4*  r*  ...  ..  ‘*7 

Coraments  on  th®  individual  blockss  in  Xiiustra«ion 
3  —  the  entrance  tyaantitioa  are  piffiched  in  groups  of  10 
problems  into  the  individual  parts  (sones)  of  tto  perforated  tape. 

The  operational  mossory,  whosa  capacity  is  Umited,  receives  only 
one  sons  8,nd  only.  aft,er  the  solution  of  all  the  problems  contained 

in  it  is  the  next  aone  introduced* 

the  program  is  suitable  for  solution  on  Krassovsky  s, 
Hayfc-rd*K  or  Bessel* s  ellipsoid*  The  selection  of  the  elld-psoid 
constant  is  done  by  th©  ma-Ain®  automatically  acsord5.,ng  to  a  atm- 
her  code  which  denotes  the  salected.  ellipsoid.  This  symbol,  iogather 
with  the  sign  which  furnishfss  the  sseebine  with  the  infoiaation  whet¬ 
her  the  first  or  the  second  geodetic  problem  sluould  be  c«mputed,  ar® 
poncheci  in  each  acne  togsther  with  the  ert»ranc®  values,  xn  eddii/ion 
to  the  mentioned  ellipsoids,  th©  pre^ram  may  be  used  for  computations 
on  any  other  rotary  ellipsoid  whose  paramotars  naturally  ai^st  be 
inserted  into  the  operational  jnemcry,. 

9  —  if  it  were  necessary  to  study  the  course  of  the-  ciarve 
on  the  ellipsoid  (s<,dg.  for  cartographic  it  is  possible 

to  supplcEient  the  program  eo  that  th©  ^  ¥Sj..ues  ar®  prAhued 

at  the  end,  either  of  each  or  any  daosen  integrating  step,- 

X0,17 _ marks  the  switches  on  the  control  tsbl,®  which  can 

be  mfenually  set  into  two  positions,  Tn©  svlfcoh  comes  into  use 
in  t«8tiii«r  stoppage-fj^o  performance  of  the  mschine  and  in  localising 
a  possible  stoppage.  The  other  switch,  Ka,  enables  us  to  stop  the 
eomputation  of  the  respective  problem . 

Iiv,l6  —  after  pressing  the  respective  bar  the  coaputation 
proceeds  aacording  to  the  schesnatic  picture. 
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- - - - - J  ij  - - ..-| - ty—j  Ygi^tj  mie^mcmhis  krokts  p-* 

„  i _ r::zE..,'  _ _ _ ^  i  .\x.  ~^“~~^  ^ 

Ijiifm.  zda  jS  bfly  ^pockny^  f  ^  - - : - > 
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yber  ystupmch  hodmyl  \  f  Ziiifinj.  zda  jH  byiy  vypathtiy  A  f  cropTl 
pro  daH'i  prlkiad  j  phklady  ^'Sirch  zon  ^  - --J 
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i  Konec  i^ypociu  STOP  3 
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Illustration  4«  Legend 


Inttlft,!  S'larting  of  the  Kachins 

Introduction  of  Instructions  into  the  Operational  Mm-ory 
■with  Coritrol 

Introduction  of  the  Entranoe  Values  from  the  zone  into  the 
Operational  Memory  x-fith  Control 
Selection  of  Sllipscid 

Decision  whether  the  First  or  the  Second  Main  Geodetic 
Fx'oblem  should  be  SolTScl 
Selection  of  the  Integrating  Step 
Refliiejnsnt  of  the  Integrating  Step 
Selection  of  IrguMonts  for  the  Forrfiulas  (3) 

Solution  of  the  Runge»»Kutt  Formulas 
K  1 

Chock  xirhether  the  Problea,'  for  a  certain  Length  of  Stop  has 
been  Completed. 

Repsti.tion  of  the  Galoulatioxx  and  Gompariscn  of  the  Results 
cbtaii'aed.  by  repcxxted  Calculation 
Printing  of  RessAlts 
Fnen  Disagree7n.ent  “•*  STOP  1 

Check  whether  requir^Jd  Accuracy  has  been  Obte'ined 
Calculation  of  one  Probleaa  corapi.etsd  STOP  2 
K.  2 

Props, rati-on  fox*  Eefinement  cf  the  Integrating  Step  for  the 
Fii-st  Qecdetic  Problem  . 

Check  whether  all  Probl.affis  in  one  Zone  have  been  Coaipleted 
Check  x-L'hether  the  Calccdation  should  be  liepe-atsd 
Selection  of  .BlxtiVinca  Values  for  next  Probles!! 

Cl'icck  xdxether  Problesna  from.  s3.1  Zones  have  been  Completed 
STOP  4 

M  of  Computetion  STOP  3 

Check  whethex'  the  Accuray  of  the  (3)  Fbnmlas  is  Sufficient 
Computation  of  (3)  Ponmlasj  Determination  of  a  s* 
or  A^  a  a 

Spherical  Triangle  Solution 

Decision  xidi'&ther  A  a  axid  a  s  shoxxLd  be  computed 
Compxxtation  of ‘kia  as  and  Computation  of  Rectified  Values 
&■.  a  e 

Selection  of  the  Integrating  Step 


n 
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The  compilation  of  th®  rough  schematic  picture  represents 
the  first  stage  of  the  programaing*  The  nesd:,  stage  iaclvidss  its 
bre»k'5ag  into"  a  detailed  sc'neBiatic  picture^  i«!-£idi  is  tne  basis  i or 
the  actusl  distribution  of  the  instnuvbion  nstvfork.  Ine  detaxled  ^ 
scheiis.vic  picture  of  out  problem  contains  over  <c00  eletaeiiuarY  b„„o  avS, 
the  iii^lruction  network  consists  of  some  900  otte“address  instrueta.ons. 

Problems 

■  -•  .he  control  croblems  vdiich  were  used  to  test  the 

co:fr3::i  nJ. '  or  the  program,  is  the  solution  of  both  niain  geodetic 
pxot'li' .r'.'A’  Si  curve  of  th©  following  parameterfe 

=  4*;)'’irv'S3,<;-,kiO"  =  48t'50'll.,(KX)0"  |'6) 

oijh'wj.wsoo"  4.^.-=  76^is''40imy' 

</.i--=fiS‘47'2a/53S"  @2=.:  nr'6i'20,soe>2'' 

s  5  211 

on  Hayford‘s  ellipsoid.  Those  parameters  were  taken  f rom _/l/  and 
will  ister  oa  be  compared  with  the  results  received  acccrdisg  tc 
the  described  laethod.  on  the  coaijrater. 


tioii 

of  tba  Firs 

t  Geodetic  P 

.rsl. 

Cioewtstion 

(h  “  250  to.) 

^P2  --- 

(7) 

Reaults  of  the  second  coffiputation  (h  »  “  125  to.) 

=r.  7eri8'40,ooi«"  '  (h)  ■ 

Aft^T  fi.ni.shii^g  the  second  oosiputafcionj  the  maohiiie  proceeded 
automaticallY  to  the  comraitriticsn  of  the  next  problsa  because  the 
values  -'‘f  have  bean  proved  as  final  (see  psragreph  3*1)^ 

*  fhii  srr.JX’s  of  the  3ji'!dirid.ual  approriHi.ations  s.ra  given  in  the 

follow!;  1,3  tables 

Table  2, 


III  iimnkn] - - — 

t 

1 

sx, 

. 

5aj  j 

f  L  ■'■ 

1  {k  —  250  1s.m) 

JUir 

0,000/' 

■ 

—  o.ooe," 

I 

1  II. 

1  (/i  =  125  km) 

~  0,000," 

n 

0 

s . 

» 

. 

—  O.OOi," 
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4.2  Solutiofi  of  the  Second  Main  Geodetic  Probleai 


Results  of  the  first  computetlons 

4,S  Tippofet  drohA  Ittei’ai  AloHy 

y;fsicakji  prviif.b.o  ¥ypo^tu: 

--=  S  S3i  094, m  =  48'’.64'26J55," 

<  5.y46'io,782,"  ;.j'= 

*,' =  lll*41'30.843i"^' 

PwCSult  of  the  second  compitation 
==  5  847  970,70  m  tp^  4S°S0l0,9@«s," 
aj'  =  53”47'20,890,"  1/  =--  76'’i8'40,«M ''  (lOj 

«j'  =  lirSl'3ft,3124'' 

Sines  after  the  second  comynitation  ths  tenai.nal  points  had 
not  coincided  iidthin  the  Hjclts  cf  an  exacted  accuracy »  the 
machine  once  niore  corrected  the  s’  and®f  l’  quantities  and  arrived 
at  the  following  final  results? 

5  ~  6  S47  B70.60  m  =  48”».>'il,(KKV’ 
a, 53"47'20,89S*"  A,  =  7n8'39,0®»,"  (H) 


The  errors  of  the  individual  approxiisations  are  givm  in 
Table  3,  ... 


Table  3« 


Scr.i 

' 

'  ^  1 

I. 

leke,  15,  m 

I'lOfiSV' 

r5«,4^"  ■ 

31. 

—  0,  08-  rn. 

—  0,005," 

—  O.OiW," 

ni. 

—  Of  Oia  m 

--  0,000," 

—  o.eoh" 

4,3  DesK>nstration  of  the  Printing  of  the  Results 

K 

The  arc  data  )  are  inserted  into  the  machine  and 

printed  by  it  in  arc  units  to  a  scale  of  (2  '^)“i 

.  .  ■  -  .  ot'  !  ■  . 

rtt  rirs  —  -  -  a  . . — .  « 

e“  2-rt 


(12) 


The  ar-c  B^auuiing  aysteis  was  selected  because  ws  may  express 
an  angle  by  means  of  it  msich  morci  accurately  than  by  means  of  angle, 
the  number  of  digits  being  same  in  both  cases.  The  necessity  to 
introduce  a  scale  is.  caiisad  by  the  construction  requiremei*  with 
regard  to  numerical  extent  of  the  prcicessed  quantities.  The  scale 
of  the  length  data  expressed  in  meters  is  10“  >,  It  holds  true  that 


10’ 


(13) 


13 
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The  pirogrsrfl  is  prepared  so  that  bsfop  the  priKtdng^of  the 
results  of  mj  solution  the  entranee  quantities  used  in  ti?.e  prob.^eai 

wi31  print  8d  b.u  we?iX«»  ^  *  u- 

thA  actual  fig^irsa  obtained  in  th®  solution  of  the  problem 
under  4.1  (first  main  geodetic  problemj  are  gi.v©n  in  Illustration  ^ 

1  1  3'  2  1  2  1  9  2 

1  4  9'  4  1  4  2  7  0 

I146j 

0  0  0  0  0  0  G  0  0 

5  6  4  7  9  7  0  6  2 

1  3  5  6  3  6  6  3  6 

3  3-  0  7  1  7  0  5  6 

2  1  1  9  7  5  3  1  4  ■ 

5  6  -4 ' 7  9  7  0  6  2 


niuatratioK  57 

The  data  C77^a)  and  (IJa)  are  the  entrance  quaritities^ 

•Kb«  res^nlts  arrived  at  composting  with  the  step  h  250  km^  (iSb) 
the  results  arrived  at  computing  with  the  step  h  "  1^5  The 
sequence  of  the  data  in  the  individual  groups  of  four  isy*,©^,^  , 
Se  The  decisial  point  is  placed  before  the  first  figure  from  tns  lef'c 
If  w&ntf  to  obtain  the  results  in  the  conventional  foroi^  wss  have  to 
ffiultipljr  the  printed  quantities  by  the  inverted  value  of  the  scale. 
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The  STUfula?  data  at*e  thus  rendered  as  arc  values?  and  the  length  data 
are  gi?®n  in  matera.  If  we  want  to  express  the  ang^ar  data  in  deg¬ 
ress;  the  printed  q^xantities  will  be  siatply  multiplied  by  ibO  .  It 
follows  that 

y  .  3i?(r  =.  ^ .  360“  -  «° 

p  tn  3w  2n  (lb) 

‘  Tn 

and  similarly 

s  .  J.0’ JO"  «  ■  07) 

lO- 


5«  ConcliAsion 

The  program  for  the  solsition  of  both  main  geodetic  p^bleias 
makes  itlosaible  to  calculate  these  on  any  rotary  eUipsoid 
entirely  .W.omatieally<.  Cur/es  up  to  10,000  km  may  be  computed  with 

the  following  accuracy;  u.- 

Ths  .first*  g^od^ilc  pTOblssE?  th.^  ©rror  in  ■feb.^  g^ograpnxc^l 

coordinates  and  the  azimuth  of  the  terminal  point  will  not  exceed 
O-OtlV'' .  practically  regardless  of  the  length  of  the  c.varv8«  ^ 

The  eecojxd  geodetic  problem;  the  error  in  the  xengto  ci  v«e 
curve  is  less  then  10  cm  and  likewis?^  is  not  dependent  on ^ the  length 
of  the  carve.  The  reason  is  the  inaccuracy  of  the  appmsaiaation  o£ 
the  ix)ial’>3  Po  and  Po®  independent  of  the  distance  between  the  points 
Pi  and  Po*  The  error  in  assiteuths  originates  frcaa  the  same  reason 
and  changes  with  the  length  of  the  curve.  For  e^  problem  its 
mEudimim  can  be  established  frc®  the  rela^^lon  O..SA33  x  K  t  s.  For 
s"^  E  to®  error  is  tha  same  as  in  the  first  geodetic  problem. 
Certain  values  of  the  ^mxixom  atalsKsth  error  are  given  in  the  follow¬ 
ing  table*.  Table  h. 

lOO  i  soo  H>00  '  20AO  :  SOOO  I 

5a"  ;  0.191  0,033  ■  0,019  ;  0,010  j  0,004! 


The  speed  of  the  ccaputstion  depends  on  the  length  of  t-he 
c^'T've  For  inforaation,  lot  us  mention  that  the  computation  of 
the  second  saain  geodetic  profeXea  for  a  distance  of  1000  km  takes 
approximately  k  minuted.  The  computation  of  the  fxrst  geodetxc 
problem  is  somewhat  shorter  —  for  the  emB  distance  it  takes  abouu 


3  Hd.nut6Ci,  ,  u  -1 

The  correctness  of  the  program  has  been  proven  by  solving 
several  control  problems  on  various  ellipsoids  for  curves  of  various 
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l«ngt-fe3.  The  results  of  these  pK>bl0as  agree  with  the  ra-sults  of 
seshaiaical  coraputation  with  an  aecuraey  ?^ish  is  gaaarally  higher 
than  that  aiantioned  aboxfle,  . 


